This paper describes how to use signs as a part of the work task scenarios with service robots. The signs are introduced as an alternative or complementary tool for passing information of the task plan of a work task from the human operator to the service robot. The signs can be used for pointing a direction, bounding an area, marking a route, or defining location of a target. There are two kinds of signs, passive and active. The passive signs have all the information in their appearance. In active signs the information content can be modified, for example with radio communication. Moreover, active signs can be equipped with sensors such as GPS-receiver and compass to measure their location on the map. One of the advantages of using signs to control work tasks is usability. The signs are just carried to the working area and no other actions are needed. Tests in real outdoor and non-structured environments with the WorkPartner robot are realized and experimental results are shown.
Introduction
Signs are widely used with robots for navigation. The locations of signs are typically fixed and the robot knows them. In navigation they are usually called beacons or artificial landmarks. For example automatic guided vehicles follow stripes on the floor, or navigate by using reflective stripes as fixed landmarks.
Other approach is to use movable landmarks to provide relative instead of absolute location information. The appearance and position of the sign may also give more information. Movable and variable-looking signs are suitable for defining tasks for service robots. The signs can be used for pointing a direction, bounding an area, marking a route, or defining location of a target. Also usability of these kinds of signs is in high level. Configuring the tasks is easy because the signs are just carried to the working area and no other actions are needed.
The signs can be divided to two main categories. Passive signs contain all the information in their appearance. For example normal road signs belong to this category. In active signs the information content can be modified, for example with radio communication. Moreover, active signs can be equipped with sensors such as GPS-receiver and compass to measure their location on the map. This paper presents a concept for using signs as a part of service robots' task definition and execution. The robot used in implementation and tests of the concept is WorkPartner service robot developed in Automation Technology Laboratory in Helsinki University of Technology (TKK, formerly known as HUT). The robot is designed for outdoor environments. The WorkPartner project has been reported in seven previous CLAWAR conferences [1] , [2] , [3] , [4] , [5] , [6] and [7] .
Previous Research
The concept of using active markers, placed in the operation environment, for exchanging information between robots and the environment was introduced by Asama [8] . The markers, called Intelligent Data Carriers (IDCs), are portable electronic data carrier devices. Wireless data exchange between the IDCs and the robots is realized through RF-ID weak radio communication. The main application area planned for the IDCdevices was related to cooperative organization of multiple robots and their operation environment. For example, information about the existing free routes in an unknown environment exchanged between the members of a robot society by means of IDCs. When a robot member detects that a route is leading to a dead-end, it can write the information to the IDC, placed at the beginning of the route, when it comes back from the deadend.
In what follows, we will present results of using IDCs or, as they are called here, active signs for configuring work tasks for service robots. In addition to active signs also more simple passive signs are introduced as an alternative or complementary tool for passing information of the task plan of a work task from the human operator to the service robot.
Experimental results
Two work tasks were used to test the concept. In the first task the robot ploughed an area from the snow, and in the second task the robot brushed the ground. In both tasks signs were used to indicate the working area of the robot. Both active and passive signs are used in the research.
Case study: Passive Signs
In the first task the passive signs were used. The four signs were corner points of the working area. The signs showed direction to the next sign. Fig. 1 shows a sign. There are two spheres in the passive sign; the bigger orange one and the smaller yellow one. Passive signs were found by using computer vision. The spheres appeared as circles in the image. The image was segmented by color. The orange and yellow circles were found from the threshold image using circlefitting algorithm (Fig. 2) . The distance to the sign was determined by measuring the size of the circle on the image plane. 3D pose of the sign was calculated based on the measured distance and the camera orientation.
[9] Fig. 2 . The original image, image thresholded with orange color and the found orange circle [9] In the task the working area was determined based on the information acquired from the signs. During the task execution the robot wandered a route inside the working area and moved the tool, the plough, up and down. More specially, the robot wandered to one end of the working area, lowered the tool, and started to clean the area. After reaching the other end of the area, the robot raised the tool again, and moved back to the other end. After a few rounds the whole area was cleaned.
Results
During the task execution the accuracy of the image handling method was not measured. The accuracy was measured before using signs in the work tasks [9] . Based on the results it was easier to develop the control system for the work tasks. To find out the accuracy of the image handling method, the distances of the spheres were measured also with a laser pointer [9] . The laser pointer is the second eye of WorkPartner and the accuracy of the pointer is about 1-2 mm. In the experiments the distances measured by the vision system and the laser pointer were compared [9] .
The distance from WorkPartner's head (both from camera and from laser pointer) to the sign was transformed to the location relative to the base coordinate frame of the robot (Fig. 3.) by calculating needed kinematics transforms. The figures 4 and 5 show the errors of the locations. The errors are same as the caps between calculated locations of the sign measured by the laser pointer and the camera. In the experiments the sign was pointing about 90 degrees to the right at the front of the robot. [9] Fig. 3. The base coordinate system of the robot [9] Using Signs for Configuring Work Tasks of Service Robots
The results shown in figures 4 and 5 demonstrate that it is possible to localize the passive signs properly when the measuring distance is from 2 to 4 meter. There was more error in the X-coordinate because the measured distance from the camera is more related to the image handling than the angle of the pan-tilt-unit of the robot's head. The heading of the sign was calculated based on the position of its spheres. The cap between correct angle of the sign and calculated was from -10 to 10 degrees. The error was quite huge but small enough in this case. [9] In the experiment the accuracy of the measures was good enough because it was not needed to know exactly positions and headings of the signs. The idea was to say to the robot "go to that direction" or "I am somewhere here". This includes same kind of information as between humans. The image handling caused most errors when measuring locations of the signs. Changes in lighting conditions were the most effective aspect in image handling. Task planner should take account the limitations of the accuracy when planning the movements and routes for the robot.
Case study: Active Signs
The active sign was used in the brushing task (Fig.6.) . The active sign includes microcontroller, Bluetooth and GPS modules. The sign was located in the center of the working area. Before starting to clean the area the WorkPartner communicated with the sign via Bluetooth. Received data from the sign included the location of the sign and the radius of the working area. The robot planned the brushing task based on the received information in same way as in a case of passive signs. 
Results
The active sign was located with the GPS. The accuracy of measured location was suitable enough for our purposes, because the nature of the work tasks and the adaptability of the robot do not need the exact location. At the more difficult tasks the robot needs to locate and identify the objects for manipulation, hence the ordinary GPS is precise enough to identify the general work area.
The usability of the active sign is also affected by the range of Bluetooth, because it is used for the communication of the robot and the sign. In our case the range of the Bluetooth has not been an issue. Robot usually works in areas where distances are easily inside the range of the Bluetooth and there have been no obstacles to block the Bluetooth signal, such as walls, between the robot and the sign.
The location of the active sign in the middle of the working area is a problem. The robot should be able to remove the sign from its location while brushing. The better choice is to set the sign to the corner of the working area but then for example a compass or other means of determining the direction of the sign is needed. This is one part of the future work.
Conclusions
The results of the tasks indicated that using signs is a very effective way to define the working area of a service robot. In the experiment two different kinds of signs, active and passive, were tested in two tasks. In the first task the passive signs were used. The four signs were corner points of the working area. The signs showed direction to the next sign. The active sign was used in the second task. The sign was located in the center of the working area and the sign included microcontroller, Bluetooth and GPS modules. The passive sign were located with the camera of the robot and the active sign via Bluetooth.
In the research the signs were just carried to the working area in the beginning of the tasks. During the tasks execution the robot localized signs and found all the needed information from the signs. The usability of using the signs was very high.
In the tasks the signs bounded the work area. Other approaches to use the signs in the future are pointing a direction, marking a route, or defining location of a target etc. Both active and passive signs are suitable for these purposes. Other potential development area in the future is to develop a "sign language", a common reference for using of signs with the work tasks of the service robots. A very typical example of the sign language is the road signs. They are looking same all over the world.
